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                  r. INTRODUCTION
      The phylogenetie relationship between species of
 Triticum and its clQselyvrelated genus !tXgESILgp! s has been
 well clarified by the genome analytical method established
 by Kihara and his co--workers (Kihara and Nishiyama 1930
      '
 etc.). The evolutionary process of Triticum and aste -lo s
 consists of two basic steps; the differentiation of the
 genomes at the diploid level and the formation of tetra-
 and hexaploid species through a!lopolypioidization (for a
 review, see LÅ}lienfeld 1951; Kihara 1954). However, tetra-
 ploid species in Triticum and AAggLl,lgpl s are rarely simple
 allopolyploid between two ancestral species. In his review
• on the evolution of lt!ggLl,lg2Elo s, Kihara (1954) reported that,
 in most of the tetraploid species, one genome is homologous
 to that of the diploid analyzers but that the other genome
 is modified variously (see also Lilienfeld 1951).
                                             '
       Such a diverse modification of genomes is a!so recog-
 nized in Triticum. The tetraploÅ}d wheats belong to two
                                               '
 groups, the emmer group which has the AABB genome and the
                                           '
  timopheevi group which has the AAGG genome. The A genome
  of the tetraploid wheats is homologous to that of the diploid
 wheats. The donor(s) of the second genome to the tetra-
  ploid wheats has been and is still one of the most contro-
  versial problerns among wheat studies. ' But the B and G
 genomes are generallY copsidered to have derived from the
  S genome of 4Lt. speltoides Tausch. (The" literature.dealing
                               "1- -'
                                    '
x,
    with the genomes of the tetraploid wheats and their origin
    will be reviewed in the following section.)
          From their genome-analysis and studies on morphological
     continuity, Zohary and Feldman (1962)' and"'-Zb'hsary (1966)
     concluded that polyploid Triticum and aste -lops had three
     species clusters which shared either the A (1,;.:-. boeoticum
     Boiss•), D (ILt. Esg32{!l!IEELgguarrosa L.) or CU (ALt. umbellulata Zhuk.)
     genome.
          To exp!ain tlie origin of the modified genomes, Kihara
     (1954, see also LÅ}lienfeld 1951) proposed that a'now extinct
     or yet unknown diploid species was the donor and also assumed
     that chromosome differerLitiation had occurred independently
    wtthÅ}n the genome concerned. Zohary and Feldman (l962)
     and Zohary '(1966) proposed an a!ternative hypothesis to
     explain the varying degree of diEferentiation between
     ancestral genomes of diploid species and corresponding
' genomes in polyploid species. According to their model,
                   .
                                                 '
     introgressive hybridization between amphidiploids sharing
     a cotmon genome would have produced a new genomic constitu-
  , tion in which the genotne in common remains unchanged while
     the other genome is modified through segmental replacement
     of chromosomes. They further assumed that such a process
     would also cause intraspecific chromosomal differentiations
     and predicted that extensive structural varÅ}ation would be
     found in ehromosomes belonging to the modified genomes of
                         f
     the tetraploid species. Howeve-r, the possibility of
                                               ,
     modification of genomes by recombination of two different
                                  --2-- -•'
genomes has been criticized by Kihara (1963) who emphasized
that differentiation occurred independently within the
        'genome.
     Thus, ih consldering the origin of the tetraploid
                                          'wheats, the process by which one genome became structurally
modified while the other remains unchanged must be studied
                   'more extensively. Recently, Larsen (1973) reported that
most of the translocatÅ}ons identified in the hexaploid
wheats involved chromosomes belonging to the B genorne.
This suggest' ed that the B genome is more variable than the
other genomes.
     Therefore, I attempted to test the above hypotheses on
the modified genomes by analyzing the intraspecific structu-
ral differentiatÅ}ons in chrornosomes. rn the present study,
! examined intraspeciftc variation in chromosome structure,
especially that due to translocationss in the two wild
tetraploid wheats, T. dicoccoides (K5rn.) schweinf. and [!-:•-
                   -
araraticurn Jakubz. This was done to obtain information
concerning the origin and the course of dÅ}ssentnation and,
further, information concerning the degree of structural
variation in different genomes. Such Å}nformation would be




1               II. REVIEW, OF LZTERATURE
1. Genomes of the tetraploid wheats and their origin
     ,Zn 1913...Schulz classified wUd and cultivated-wheats ••];
(genus Triticum L.) into three groups, -l.. g.., Einkorn, Emmer
and Dinkel, based on their morphological .characteristics
(see Kihara 1924). These three groups were then revealed
to form a polyploid series (Sakamura 19i8; Sax 1918; Kihara
1919, 1924). Einkorn has 2n = 14 chromosomes, Emmer or
two-grained wheats, 2n = 28 chromosomes and Dinkel, 2n = 42
chromosomes, the basic chromosome number of these groups '
being seven. The genome of the diploid group consisting
of seven chromosomes was designated as A and the whole •
                                                             '
genome formula oÅí the diplold wheats as AA (Sax !922; Kihara
1924; Kihara and Nishiyama 1930). Tetraploid emmer wheats
have the A genome of diploid wheats and another genome
designated with B (loc. cit.). Genomes of the hexaploid
wheats consists of three different genomes; the two (AB) of
the tetraploid emmer wheats and another genome designated
D (Kihara 1924; Kihara and Nishiyama 1930).
     !n 1928, Zhukovsky reported a new cultivated two-grained
wheat :!:• lti!Iggpli!ggyg,mo heevi Zhuk. which he found in 1923 in Western
Georgia, Transcaucasus and at first classified it as a variety
of a cultivated ernmer wheat, [!-,.. dicoccum SchUbl. (Zhukovsky
1928). Cytogenetical studies by Lilienfeld and Kihara
(1934) revealed tihat 'this speeies has the A genome in common
with the diploid wheatS and the tetraploid emmer wheats but
                              -. 4- J.
    the second genome was structural!y different from the B
    genome of the other tetraploid species. By giving this
    second genome the symbol G, they emphasized its identity.
    Namely, Lilienfeld and Kihara (1934) establ.ished -the fourth
    group, Timopheevi, which has 2n = 28 chromosomes and the .
    genome formula AAGG. At about the same time, two-grained
    wild wheat was alsq found in Transcaucasus (Tu!nanyan 1930;
    Jaku6ziner 1932) and it was c!assified as a subspecies of
    wild emmer wheat; T. dicoccoides K6rn. subsp. armeniacum
    (Jakubziner l932). Makushina (1938) observed irregular
    meiosis and sterility in hybrids of this subspecies with
    '
    other emmer wheats and Svetozarova (1939) showed that it
    has the same genomic constitution, AAGG, as [!.:.. It!Uggp!imo heevi•
    Based on these studies, Jakubziner named this taxon !..-
    araraticum Jakubz. in 1947 (see Jakubziner 1959). Kostoff
     (1936) pointed out a certain degree of homology between the
; B genome and the second genome of !L. !t2ig!g2Å}!geyELzmo heevi and proposed
    to designate the second genome by the symbol P. However,
    in spite of his proposal and several other studies which
    indicated a close relationship between the emmer and the
    timopheevi group (Love 1941; Sachs 1953; Wagenaar 1961, 1966;
    Feldman 1966), the genome formula AAGG is generally accepted
    for the timopheevi group.
      ' Thus, the tetraploid wheats are divided into two groups,
     the emmer group (AABB) and the tlmopheevi group (AAGG).
    The emmer group contains one wild species, :!-:.- dicoccoides
     and several cultivated species, !!-:.m dicocctim, l!:.. durum Desf.,
                                  -5 -- -•-
etc. It ptayed an important ro!e in the evolution of
cultivated wheat: The hexaploid wheats,' 'T. aestivum L.,
:!.:: ERe,1!,!iE!ta L., etc., were originated from an arnphidiploid
                                                   ttttbetween the cultivated Emmer and the wild diploid Atgg21glzsl
EsllEe!!uo2s}ss !a (Kihara 1944; McFadden and Sears 1944). Genetica!
and morphological evidence show that the cultivated Emmers
were derived from wild T. dicoccoides. Members of this
group produce fertile hybrids when crossed to each other.
In the timopheevi group, complete sterility has been reported
            'in hybrids between wild IL. araraticum and cultivated [!-:.-
 '
timopheevi (Svetozarova 1939; Sachs 1953; Wagenaar 1961, .
                                                       '1966). However, recent studies (Tanaka and rchikawa 1972;
                                            'Tanaka and Zshii 1973, 1975; Kawahara and Tanaka 1977) have
revea!ed that several araraticum strains produce fertile or
semi-fertile hybrids when crossed to !!-:.- tÅ}mopheevi. These
                                                        'studies provided genetical evidence to the generally accepted
           'theory that EL. Jtll,II!g]211gg]Ll,heevi had originated from Z. arataticum.
                                                            'Consequently, the two wUd tetraploid wheats, !l-,.- dieoccoÅ}des
and :!.:.- araraticum are the ancestral species of the emmer and
the timopheevi group, respectively.
     As mentioned above, many workers have' .shown that one
    'genome of the tetraploid wheats.pairs quite well with the
chroniosomes of the diploid wheats (Sax 1922; Kihara 1924, .--
 '1929; Thompson 1926; Kihara and Nishiyama 1930; Lllienfeld and
Kihara 1934; Kostoff 1936; Mat' sumura 1950). Thus, it is
clear that the diploid wheats had donated one of the genornes
                                          ttof the tetraploid wheats, namely A. Apparently, one of the
                              -- 6- -•'
                                      '
e
rancestral species of the wild tetraploid wheats would be a
wild and not a cultivated species. R.iley and Be!1 (1959)
indicated a c!oser similarily between the gene content of
                                                       'the A genome of tetraploid wheats and that of wild [!.,.- thaoudar
Reut. than that of the cultivated T. monococcum L. or wild
T. boeoticum.
     Jenkins (1929) observed that in a hybrid between !L.
                                                         '!t!!!ggEl,szd m L., a cultivated emmer species, and !!Lt. sps2!llg2,si!gEeltozdes,
seven pairs of chromosomes usually mate and suggested that
the chromosornes• of ALt. EI2gllL!g2s!gsto-des are homologous with a set
of chrornosomes in.Z!= ltlygg2,slliggr idum. At the same time, he found
         'that A{tL• sut 2E2!L!!gELgggeltoides possesses several characters which
distinguish T. aestivurn frorn the emmer wheats and considered
            -
                                          'that the situation was more complex than was indicated by
the amount of pairing. Thompson (193!) also considered on
                                          'a cytogenetical basis that 4Lt. E2eEIL!g2,slgst -des has a genome in
              'comtnon with the emmer wheats. While, no homology was
recognized by Kihara and Nishiyama (!930) nor by Lilienfeld
                              '
                         'and Kihara (1934).between the S genome of l!Lt• Etpe!Ll!g2,slggeltoides
and the B or G genome in polyploid wheats, the theory that
!Lt• gRglt,l2g2,s}gstoides had donated the B genome to the emmer wheat
has been supported by many authors Sin6e then. Pathak
(1940) observed similarity between the sate!lites of the
chromosomes of ILt. E2glt,:gg2,!l2i2toxdes and the emmer wheats. The
morphological characters have been eritically applied to
this problem by Sarkar and Stebbins (1956). By using
                                          'Andernos's (1949) ''lt{ethod of extraporated .correlates'', they
                              d'7- .,.
suggested ,that ALt. sDeltoides var. It,igyESILggi ustzca cou!d be the
donor of the B genome. ,On the basis of synaptic, karyotypic
and geographical evidence, RileY gLt ' e,IL. (1958) also concluded
that l!Lt• gtpe],SglSLgELelto-des.might have donated the B genbme.
     The suggestÅ}on of McFadden and Sears (1946, 1947) that
the emmer wheats might have arisen as an ainphidiploid between
T. monococcum and AAgggpyEEron tiriceum Gaertn. has been dis-
carded in later studies. Karyomorphological studies by
Sarkar (1955) and Matsumura and Sakamoto (1955) indicated
that sA!g. triticeum does not have the expected type of
chromosomes.
     Tanaka (1956) recognized similarity in the morphological
characteristic' of the culum between lÅrLt. !tLg!!gl,s-glll!{on issima Schw• et
Musch. and the emmer wheat and produced an amphidiploid
between ILt. ItSggl,gE2ggissima and !!-:.- boeoticum. However, he failed
to obtain cytogenetical evidence in hybrids between the
amphidiploid and the emmer whe-ats. Sears (1956) proposed
Ae. bicornis (Forsk.) Jaub. et Sp. to be the B genQme donor
on the basis of t•he morphological similarity of the arnphi-
diploid between 4EtL. bicornis and [!:.- monococcum to the emmer
wheats. But the chromosoT.nes of the B genome belong to a
karyotype different from that of l!Lt. bicornis, 41tL. sharonensis
Eig and AL.. JtLggglggllgeissima (RÅ}ley gLt e.IL. 1958). By the -
measurement of the DNA contents of the genome, Rees (1963)
and Rees and Walters (1965) concluded that ALt. EtRgl,!9g,slgseltoides
is a more likely contrÅ}butor of the B genome than either
Ae. bicornis or Ae. EtLgl[!gg,ÅíLs-2,!ggxssima. '`'
                .
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